Study Design. Prospective study. Objective. To evaluate the perioperative outcome of posterior spinal fusion in adolescent idiopathic scoliosis (AIS) patients comparing a single attending surgeon strategy (G1) versus a dual attending surgeon strategy (G2). Summary of Background Data. The complication rate for surgical correction in AIS is significant. There are no prospective studies that investigate dual attending surgeon strategy for posterior spinal fusion in AIS. Methods. A total of 60 patients (30 patients in each arm) were recruited. The patients were comparable for age, gender, Lenke classification, major Cobb angle magnitude, and number of fusion levels. The anesthetic, surgical, and postoperative protocol was standardized. The outcome measures included the operative duration, blood loss, postoperative hemoglobin, need for transfusion, morphine usage, duration of hospital stay, intraoperative lactate levels, and pH. The timing of the operation at six critical stages of the operation was recorded. Results. The mean operative time for G2 was 173.6 AE 27.0 minutes versus 248.0 AE 49.9 minutes in G1 (P < 0.000). Mean blood loss in G2 was 0.92 AE 0.4 L and 1.25 AE 0.6 L in G1 (P < 0.05). None of the patients in G2 required any allogenic transfusion. Four patients in G1 (13.3%) required allogenic blood product transfusion. The day 2 postoperative hemoglobin levels in both groups were similar, but this was taken after blood product transfusion in G1. The amount of morphine usage was 20.4 AE 11.5 mg in G2 and 42.5 AE 24.0 mg in G1 (P < 0.000). G2 patients had a shorter hospital stay. One patient in G1 had superficial wound infection. G2 was faster than G1 during exposure, instrumentation, facetectomy, and bone grafting. Conclusion. The involvement of two attending surgeons significantly reduced operative time, blood loss, need for allogenic blood transfusion, patient-controlled analgesia morphine requirement and led to faster patient recovery during the perioperative period.
S
urgery for adolescent idiopathic scoliosis (AIS) is less demanding compared to deformity correction for neuromuscular diseases, congenital spinal deformities, Scheuermann kyphosis, Marfan syndrome, or complex adult deformities. [1] [2] [3] [4] [5] However, neurologic as well as nonneurologic complications remain a concern with rates ranging from 0.5% to 15.4% [6] [7] [8] [9] Provision of optimal surgical care for AIS would include ensuring the safety as well as cost-effectiveness of a procedure. 10 Many factors have been found to be associated with higher risk of complications. This includes prolonged operating time, pre-existing comorbidities, excessive bleeding, allogenic blood transfusion, and when spinal osteotomies or a combined anterior posterior is performed. 9, [11] [12] [13] In nonspinal surgeries, a dual surgeon approach was found to improve the outcome of surgery. 14, 15 In spinal surgery involving pedicle subtraction osteotomies,the dual attending surgeon strategy led to reduced operative time and blood loss. This could reduce the prevalence of operative morbidity. 16 Halanski et al 17 compared dual surgeons versus single surgeon in AIS surgery and demonstrated greater drop in hemoglobin and more allogenic transfusion in the single surgeon group. However, these studies were retrospective in nature with potential for recruitment bias. We performed this prospective study to evaluate the perioperative outcome of surgical correction in AIS patients who underwent posterior spinal fusion comparing a dual attending surgeon strategy versus a single attending surgeon strategy.
METHODS
This is a prospective study involving 60 AIS patients, which was carried out in two centers from January 2013 to December 2014. The study obtained institutional ethical board approval. The two authors operated all the patients. Inclusion criteria for the study were AIS patients who underwent posterior spinal fusion using pedicle screw instrumentation. Patients with nonidiopathic scoliosis, patients who were undergoing revision scoliosis surgery, and patients who refused participation in the study were excluded. The objective of the study was to analyze the perioperative outcome of AIS patients who underwent posterior spinal fusion comparing single attending surgeon strategy (G1) versus dual attending surgeon strategy (G2).
A total of 117 patients in the dual attending surgeon (G2) group and 30 patients in the single attending surgeon group (G1) fulfilled the inclusion criteria. From the 117 patients in G2, 30 patients were matched individually to the 30 patients in G1 for Lenke curve type and gender. Preoperative Cobb angle, fusion level, and age were not matched individually but showed similar values when comparing G1 and G2 (Table 1 ). The outcome measures that were studied included the operative duration, blood loss, immediate postoperative hemoglobin, hemoglobin levels at day 2 postoperatively, need for transfusion, amount of morphine usage delivered by the patient-controlled analgesia (PCA) machine, duration of hospital stay, as well as intraoperative parameters which reflect hemodynamic status, i.e., pH, lactate levels, and base excess. Blood loss was estimated from the volume accumulated by the cell salvage machine and the weight of blood soaked gauze.
Estimation of total blood loss by the cell salvage system is calculated using the following formula:
Total blood loss (mL): (Final volume accumulated in the reservoir) -(total volume of anticoagulant citrate dextrose) -(total irrigation fluid used intraoperatively) þ (total unfiltered blood)
Our perfusionist calculated the total volume of anticoagulant citrate dextrose used and total unfiltered blood (difference between weight of used and dry reservoir). The total irrigation fluid was measured strictly by the nurses prior to use in the operative field.
The intraoperative timing at various stages of surgery was recorded. simultaneously on the right and left sides of the spine throughout the surgery. For stage 1, the time was measured from incision until the time the first screw was inserted.
Following this, we would use the image intensifier to confirm the level of instrumentation and appropriate screw length for the patient. At this point, we would have completed approximately 70% to 80% of the exposure. After confirming the instrumentation level, we would then complete the exposure proximally and distally (one to two levels). This is done to avoid unnecessary exposure beyond the planned level of instrumentation.
Anaesthesia Protocol
Both groups underwent similar anaesthesia protocol.
Patients were induced with IV target-controlled infusion (TCI) propofol (Marsh model) 4 mg/mL and IV TCI remifentanil (Minto model) 5 ng/mL and IV rocuronium 1 mg/kg to facilitate tracheal intubation. Anesthesia was maintained with TCI propofol 2.5 to 4 mg/mL and TCI remifentanil 2 to 8 ng/mL to maintain a bispectral index (BIS) value of 40 to 60 during surgery. IV tranexamic acid 20 mg/kg was administered as a bolus dose to both groups after induction and prior to skin incision. Boluses of muscle relaxant, IV rocuronium, were given throughout the operation if needed. Patient mean arterial pressure was maintained above 60 mm Hg. The patient was kept normothermic with core temperature of 368C to 378C. We used forced air warming device (Bair Hugger) and water bath coaxial fluid and blood warming device (HOTLINE) throughout surgery.
Surgical Protocol
The surgical protocol in both groups was similar. Lower instrumented vertebra was chosen based on the last vertebra touched by the central sacral vertical line (CSVL) for selective thoracic fusion and for fusion to the lumbar spine; the LIV was the most proximal vertebra which was significantly bisected by the central sacral line on the side bending film. For Lenke 2 curve, the upper instrumented vertebra was at T2 in most cases, whereas for Lenke 1 and 3 curves, upper instrumented vertebra was mostly at T3 or T4. Alternate level pedicle screw instrumentation was performed for all patients. Two pairs of consecutive base screws were inserted as anchors and two pairs of consecutive screws were also placed as proximal anchors. In between, alternate level paired pedicle screws were inserted. Somatosensory evoked potential (SSEP) was monitored throughout the course of the surgery. A subfascial drain was inserted in all cases.
Postoperative Protocol
Postoperative pain was managed with PCA system delivering 1 mg of morphine per bolus. Breakthrough pain was managed with oral Celecoxib 200 mg given twice a day and oral Acetaminophen 1 g given every 6 hours. Postoperative hemoglobin was checked 48 hours after completion of the operation. Indication for postoperative transfusion of allogenic packed cell was when the hemoglobin level is less than 8 g/dL or when patient is symptomatic. The decision for transfusion was undertaken after discussion between the surgeon and the anesthetist. For both groups, a similar postoperative drainage protocol was applied. The suction drain was clamped until 18 to 24 hours after surgery. Upon release, a maximum of 200 mL was then drained and the drain was subsequently removed.
Sample Size Analysis and Statistical Analyses
Sample size was determined based on intraoperative blood loss as an outcome variable. As there was no published study with similar study design, we performed a pilot study by including 10 subjects for each group. We found the mean blood loss in G1 and G2 were 1189 (SD: 483) and 847 (SD: 417), respectively. Considering 5% marginal error and 80% power of study, a statistical power analysis indicated that a minimum sample size of 28 subjects was needed to detect the difference in blood loss between two groups, with an effect size of 0.78. The calculation was performed using GÃPower software (version 3.1.9.2). 18 All data were stored, structured, and analyzed by using the SPSS-system for Windows, SPSS Inc., Chicago, IL (SPSS v20). Descriptive statistics were computed for all demographic variables. For statistical analyses of continuous variables, we used Student t tests to investigate differences in the distributions between subsets of patients classified by categorical data. We used x 2 testing to investigate differences between categorical variables grouped by patient subsets. All reported P values were two-tailed and the cutoff point of statistical significance was 0.05.
RESULTS
Both groups were comparable in terms of age, gender distribution, Lenke classification, number of fusion level, and preoperative major Cobb angle ( Table 1 ). The mean age was 16.7 AE 5.3 years and the mean preoperative Cobb angle was 70.58 AE 13.78. The mean preoperative hemoglobin level was 13.5 AE 1.4 g/dL in the single surgeon group (G1) and 13.7 AE 1.5 g/dL in the dual surgeon group (G2). The majority of cases were classified as Lenke 1 curves (43.3%) followed by Lenke 2 (30.0%), Lenke 6 (13.3%), and Lenke 5 (10.0%) curves. The screw density for G1 was 1.
The intraoperative parameters, which demonstrated significant difference, were operative duration and intraoperative blood loss. The mean operative time for G2 was 173.6 AE 27.0 minutes, which was 75 minutes faster than the operative time in G1 with the mean operative time of 248.0 AE 49.9 minutes (P < 0.000). Mean blood loss in G2 was 0.92 AE 0.4 L compared to 1.25 AE 0.6 L in G1 (P < 0.05). Our analysis showed that the postoperative drainage between the two groups were not significantly different. The postoperative drainage in G1 was 141.0 AE 32.5 mL whereas for G2 was 129.0 AE 32.6 mL (P ¼ 0.159). None of the patients in G2 required any allogenic blood transfusion. In comparison, 13.3% of patients in G1 required allogenic blood product transfusion. Three patients received 1 pint of packed cell whereas one patient received 2 pints of packed cell with four units of fresh frozen plasma. Intraoperative pH and lactate levels were similar in both groups. The day 2 postoperative hemoglobin levels in both groups were not significantly different, but this was taken after the blood product transfusion in G1 (Table 2) .
Patients in G2 required less PCA morphine. The dose of morphine usage was 20.4 AE 11.5 mg in G2 and 42.5 AE 24.0 mg in G1 (P < 0.000). G2 patients also had shorter hospital stay compared to G1 patients and the difference was significant with P value of 0.000. One patient in G1 had superficial wound breakdown that was treated successfully with dressing and oral antibiotics. No other complications were noted. No patients required admission to the intensive care unit postoperatively ( Table 2) .
The timing of various stages of the operation was also analyzed ( Table 3 ). The time from incision to insertion of first screw (Stage 1) took 8.7 AE 5.0 minutes in G2 compared to 17.8 AE 7.1 minutes in G1. The total time to complete instrumentation (Stage 2), to perform facetectomy (Stage 3), as well as harvesting of local bone graft, decortication of the lamina, and bone grafting (Stage 5) were also significantly shorter in G2. Although the correction process (Stage 4) and closure (Stage 6) were shorter in G2, the difference was not statistically significant.
DISCUSSION
Surgical correction for AIS carries a low but real risk. In the latest Scoliosis Research Society (SRS) morbidity and mortality report for pediatric scoliosis, the overall complication rate for AIS was 6.3% with risk of new neurological deficit of 0.8%. Mortality rate was 0.02%. Risk of superficial wound infection was 0.5%, whereas risk of deep wound infection was 0.8%. 19 This was comparable to an earlier report by Coe et al. 6 Other authors reported higher complication rates associated with AIS surgery. Yoshihara and Yoneoka 20 reported an overall complication rate of 14.4% with a 2.4% risk of wound-related complication. This was similar to the overall complication rate reported by Patil et al, 21 which was 14.9%. In a prospective study carried out to analyze risk of non-neurologic complications, Carreon et al 9 reported an overall prevalence of 15.4%. Excessive bleeding was one of the commonest perioperative complications with a prevalence of 0.85%. Wound-related complications were the commonest early postoperative period complication with a rate of 1.42%. 9 The perioperative course for a patient undergoing AIS surgery is closely related to few modifiable factors. These factors included operative time, amount of blood loss, and allogenic blood transfusion. Significant association was found between prevalence of non-neurologic complications with surgical time, anesthesia time, and blood loss during posterior surgery. 9 Hod-Feins et al 12 reported that duration of surgery had significant correlation with rate of multiple complications. Ialenti et al 22 reported operative time as a significant factor, which could predict the amount of blood loss during spinal fusion for AIS surgery. Ho et al 23 studied risk factors for development of delayed infection after posterior spinal fusion and instrumentation for AIS and found higher risk of infection in patients who received allogenic blood transfusion. The overall rate of allogenic blood transfusion in the United States from 2000 to 2009 was between 13.6% and 23.0%. 20 Surgeon experience has been investigated as one of the factors that affect the perioperative outcome of scoliosis surgery. In a study that compared posterior spinal fusion in AIS performed by young and experienced surgeons, the operative time was significantly shorter if experienced surgeons performed the surgery (458 vs. 265 minutes). The blood loss was also lower in the experienced surgeons' cohort (2042 vs. 1013 mL). However, the overall complication rates were similar. 24 Heffernan et al 25 carried out a study comparing outcomes after posterior spinal fusion for AIS and neuromuscular scoliosis and assessed whether the first assistant's level of training matters. The authors concluded that in neuromuscular scoliosis, fellows serving as first assistants were associated with shorter operating time and greater correction. However, in the AIS group, the experience of the assistant did not lead to any outcome difference. 25 Similar results were reported by Auerbach et al 26 in 2008. In general surgery, the use of a multiple team approach was found to improve outcome. A two-team approach for esophagectomy was found to significantly decrease operating time and length-of-hospital stay versus the traditional two-stage approach. 14 Saithna et al 15 reported on a case series of eight patients who underwent simultaneous bilateral anterior cruciate ligament (ACL) reconstructions by two surgical teams and demonstrated that the rehabilitation was accelerated compared with the traditional-staged or single-setting approach. In spine surgery, Blam et al 27 investigated the risk factors for surgical site infection after spine surgery and found that single orthopedic operative team had more than a sixfold likelihood of being associated with surgical site infection than a combined team.
In more complex spine surgery requiring pedicle subtraction osteotomies, involvement of dual attending surgeons reduced operative time and estimated blood loss (EBL). The EBL for the single surgeon group was 5278 mL compared to 2003 mL in the dual attending surgeon group. The operative time was 5.0 hours in the dual surgeon group compared to 7.6 hours in the single surgeon group. 16 Halanski et al 17 compared involvement of two surgeons versus single surgeon in posterior spinal fusion for AIS surgery. They concluded that two attending surgeons lowered the operative time but other outcome parameters were similar. However, this was a retrospective review with only 24 patients in the dual attending surgeon group. 17 Being a retrospective study, this study would be exposed to recruitment bias. The study might also be underpowered to detect the differences in some of the outcome measures, as the number of patients in the dual surgeon group was small. This prospective study demonstrates the effectiveness of a dual attending surgeon approach compared to a single attending surgeon in posterior spinal fusion for AIS. In our study, we matched the gender and Lenke curve type. The major Cobb angle magnitude and number of fusion levels in both groups were also comparable as these are factors that could affect the perioperative outcome. The anesthetic, surgical, as well as the postoperative protocol was also standardized in both groups. From this study, we were able to show significantly shorter operative duration, lower EBL, lower exposure to allogenic blood transfusion, shorter hospital stay, and less PCA morphine in our dual attending surgeon cohort. The mean EBL was reduced from 1.25 AE 0.6 L to 0.92 AE 0.4 L, operative time was reduced from 248.0 AE 49.9 minutes to 173.6 AE 27.0 minutes with a reduction of PCA morphine use from 42.5 AE 24.0 mg to 20.4 AE 11.5 mg. Decreasing blood loss, operative time, and allogenic transfusion may be important in decreasing patient morbidity and increase the cost-effectiveness of the procedure.
Involvement of dual attending surgeon in AIS surgery requires precise coordination in all stages of the operation to allow simultaneous execution of the surgery on both sides. This was reflected in the statistically significant difference in operative time at various stages of the operation. Simultaneous exposure was possible with diagonal positioning of both surgeons with the leading surgeon commencing dissection from caudad to cephalad, whereas the second attending surgeon would commence dissection from cephalad to caudad. Both surgeons were familiar with funnel technique and free-hand technique for pedicle screw placement, which would reduce the need for fluoroscopy during screw insertion. Simultaneous insertion of pedicle screws would be difficult if the surgeons are dependent on fluoroscopy for screw insertion.
However, there were limitations in this study. Difficulty of the operation is also dependent on patient factors such as pedicle morphometry and this could not be controlled in our study. However, our study is sufficiently powered to detect the difference in the main outcome measures. The surgeons who were assessed as the dual attending surgeons in G2 have been operating together for many years. The results reported here might not be reproducible in surgical teams who are at the beginning of their partnership. Different spine fellows were involved in G1 and this variability could account for some of the differences in outcome in G1. In this study, we also could not control some factors that could affect the amount of postoperative PCA usage such as patient's intrinsic pain threshold and family dynamics. We could only match the gender and Lenke curve type individually due to the overall sample size available for matching. A more rigorous matching technique such as propensity matching of the covariants would increase the strength of the evidence presented.
CONCLUSION
Involvement of dual attending surgeon in posterior spinal fusion for AIS leads to reduced operative time, blood loss, need for allogenic blood transfusion, less postoperative pain, and faster patient recovery during the perioperative period. However, the outcomes were similar in both groups.
Key Points
This is a prospective study carried out to evaluate the perioperative outcome of posterior spinal fusion in AIS surgery comparing single (G1) versus two (G2) attending surgeons strategy.
The mean operative time for G2 was 173.6 AE 27.0 minutes versus 248.0 AE 49.9 minutes in G1 (P < 0.000). Mean blood loss in G2 was 0.92 AE 0.4 L and 1.25 AE 0.6 L in G1 (P < 0.05). None of the patients in G2 required any allogenic transfusion, whereas 13.3% (four patients) in G1 required allogenic blood product transfusion. Patients in G2 had less postoperative pain and shorter hospital stay compared to G1 patients.
